Results and Discussion
The triterpenoid constituents from the hexane extract of the fresh fronds were purified by various chromatographic techniques (see Experimental) to afford the pure triterpenoids 1-23, whose physical data and yields are summarized in Table 1 .
The electron impact high-resolution (EI-HR) MS of compound 1, obtained as colorless needles, showed its molecular formula to be C 30 H 50 O (M ϩ , m/z 426.3889, Calcd., 426.3861). Its IR spectrum exhibited the presence of hydroxyl group(s). The low resolution EI-MS of the compound exhibited fragment ion peaks at m/z 271 (a, 95), 257 (b, 13), 204 (c, 85) and 123 (d, 31), diagnostic 8) of the pteron-14-ene skeleton, while the fragment ions at m/z 302 (e) and 207 (f ) indicated that the OH group must be located in either of the rings A and B of the molecule (Chart 2). The 1 H-NMR spectrum of 1 displayed signals due to six tertiary methyls, two secondary methyls, one trisubstituted vinylic methine proton and one equatorial carbinyl proton ( Table 2 ). The 13 C chemical shifts (Table 3 ) of the compound were very close to those of pteron-14-ene, 9) except for those of C-5 to C-9 indicating that 1 must be a pteron-14-ene derivative with an axial hydroxyl group in ring B. The down-field shift of C-6, C-7 and C-8 signals by ca. 3.4, 30.0 and 6.2 ppm, and up-field shift of C-5 and C-9 by ca. 9.6 and 6.5 ppm, respectively, suggested that the axial hydroxyl group of 1 must be located at C-7. The heteronuclear multiple bond correlation (HMBC) data also fully corroborated the above observation (Fig. 1) . The relative stereochemistry at C-7, C-8, C-10, C-13 and C-17 were established by the nuclear Overhauser effect correlation spectroscopy (NOESY) of the compound. Thus, the spectrum showed nuclear Overhauser effect (NOE) interactions between H 3 -25 and H 3 -26, H 3 -26 and H-7b, and between H 3 -27 and H 3 -28. Finally, the structure of 1 as pteron-14-en-7a-ol was confirmed by comparison of the NMR data with the synthetic compound. 10) This compound is the first example of a naturally occurring migrated hopane derivative with a D 14 double bond.
Both compounds 2 and 3 were found to possess the same molecular formula from their HR-EIMS (M ϩ at m/z 426.3850 and 426.3990, respectively). Their electron impact mass spectrum (EI-MS) exhibited very similar fragmentation pattern with slight differences in the intensities of the peaks. Their 1 H-NMR spectra (Table 2 ) displayed signals due to six tertiary methyl and two secondary methyl protons, one trisubstituted olefinic proton, and one equatorially oriented hydroxymethine proton. The splitting pattern 9) of the trisubstituted vinylic proton of 2 and 3 suggested that the compounds may have D 9(11) and D 7 double bond, respectively. This contention was further corroborated by the diagnostic 8) peaks at m/z 273 (g), 259 (h) and 247 (i) in the EI-MS of both compounds (Chart 2). A detailed comparison of the 13 C-NMR data (Table 3 ) of the two compounds with those of fern-9(11)-ene (9) and fern-7-ene (10) 9) revealed that 2 and 3 must be a C-3 hydroxylated derivative of 9 and 10 respectively. The carbon signals of C-1 and C-5 were shielded by ca. 7-8 ppm and those for C-2 and C-3 were deshielded by ca. 6.3 and ca. 33.8 ppm compared with those of the hydrocarbons (9 and 10), respectively. The assigned structure of 2 was fully supported by the correlations observed in the HMBC (Fig. 1) and NOESY (Fig. 2) spectra. On the basis of the above observations, 2 and 3 were considered to be fern-9(11)-en-3a-ol, and fern-7-en-3a-ol, respectively.
Compound 4 was obtained as colorless needles from acetone and its IR spectrum suggested the presence of hydroxyl group(s) in the molecule. Its molecular formula was deduced to be C 30 
Ref.
Pteron-14-en-7a-ol (1) 212-214 Ϫ16.5 0.0001 Fern-9(11)-en-3a-ol (2) 219-220 Ϫ6.0 0.0020 Fern-7-en-3a-ol (3) 239-240 Ϫ10.2 0.0004 Adian-5(10)-en-3a-ol (4) 228-230 Ϫ35.5 0.0002 Adian-5-en-3a-ol (5) 196-197 ϩ57.3 0.0001 Fern-9(11)-en-28-ol (6) 159.5-161.5 Ϫ9.3 0.0005 Trisnorhopane (7) 161-163 ϩ35.5 trace 5 Ferna-7,9(11)-diene (8) 202-203 Ϫ180.4 0.0049 5 Fern-9(11)-ene (9) 171-172 Ϫ18.3 0.0092 5 Fern-7-ene (10) 212.5-214 Ϫ29.0 0.0247 5 Filic-3-ene (11) 232-234 ϩ58.0 0.0035 5 Adian-5-ene (12) 193. Chart 2 NMR spectrum (Table 3) showed the presence of a tetrasubstituted double bond. However, its 1 H-and 13 C-NMR data were not conclusive in structure elucidation of the compound. Detailed analyses of 2D NMR spectra were therefore taken up. The two-and three-bond correlations of the methyl proton signals with those of the neighboring carbons observed in the HMBC spectrum of the compound (Table 4) clearly revealed (Fig. 1 ) the compound to be 3-hydroxyadian-5(10)-ene. The structure was also supported by mass spectral fragments, viz. the ion peaks at m/z 274 (l), 205 (j), and 135 (n) (Chart 2). Finally, the relative stereochemistry at most of the chiral centers of the compound was established by the NOE interactions observed in its NOESY spectrum (Fig. 2) . The structure of 4 was, therefore, represented by adian-5(10)-en-3a-ol.
EI-MS of compound 5 exhibited the dehydrated ion peak (m/z 408, C 30 H 48 ) from the molecule, implying its molecular formula to be C 30 H 50 O. Its IR spectrum showed the presence of hydroxyl group(s). Its 1 H-NMR spectrum displayed signals for six tertiary and two secondary methyl groups, a trisubstituted vinylic proton and an axially oriented hydroxymethine proton ( Table 2 ). The diagnostic 8) intense peaks at m/z 274 (l), 259 (m), and 134 (o) in its low resolution EIMS suggested that the compound belongs to adian-5-ene skeleton with the hydroxyl group located at A/B ring system. A comparison of its 13 C-NMR spectrum (Table 3) with that of adian-5-en-3b-ol (simiarenol, 24) 11) revealed that the chemical shifts for most of the carbons of 5 were very close to those of 24 except for C-1, C-2, C-5, C-6 and C-23. The deshielding of C-1, C-2 and C-5 by 4.75, 2.29 and 2.76 ppm, respectively, and up-field shift of C-23 by ca. 7.0 ppm clearly demonstrated the location of the equatorial hydroxy group at C-3. The assignment of the structure of 5 as adian-5-en3a-ol was finally corroborated by its HMBC (Fig. 1) and NOESY (Fig. 2) (11) double bond leading to the formation of ion peaks at 257 (gЈ), 243 (hЈ) and 231 (iЈ) suggesting that the CH 2 OH group must be located in D/E ring system of the molecule. The 13 C chemical shifts of the compound were found to be very close to those of fern-9(11)-ene (9) except the signals for C-16, C-17 and C-28. The up-field shift of C-16 by ca. 7 ppm and down-field shift of C-17 and C-28 by 4.57 and 40.05 ppm, respectively, clearly indicated that the hydroxy group must be located at C-28 of a fern-9(11)-ene skeleton. The HMBC data (Fig. 1 ) also fully substantiated the above conclusion. The structure of 6 was, therefore, represented by fern-9(11)-en-28-ol. Backbone rearrangement 12, 13) of adiantoxide (16) with boron trifluoride etherate was applied to confirm structures 2-5. That is, 16 was treated with 10% BF 3 -etherate in ether to afford 2 (2%), 3 (20.5%), 4 (18.3%) and 5 (4.9%) with a recovery of the starting compound (30%). The physical data of all the synthetic compounds (2-5) were identical with those of natural compounds.
Hopan-28(22)-olide (21) was earlier reported from the Formosan fern, Oleandra wallichii and some of its 13 C chemical shifts were erroneously assigned.
14) The detailed analysis of 13 C chemical shift by 2D NMR led to the unambiguous assignment of all the carbons as listed in Table 3 .
Experimental
Melting points were measured on a Yanagimoto micro melting point apparatus without correction. Optical rotations were observed in CHCl 3 solution (cϭ0.1-0.3) at 22-24°C.
1 H-and 13 C-NMR spectra were taken at 500 and 125 MHz, respectively, in CDCl 3 solution with tetramethylsilane as an internal standard. MS was recorded (direct inlet) at 30 eV and the relative intensities of peaks were reported with reference to the most intense peak higher than m/z 100. Silica gel 60 (230-400 mesh, Merck) and silica gel (impregnated with 20% AgNO 3 ) were used for column chromatography (CC). HPLC was performed on a C 18 reverse-phase column ( The filtrate was evaporated and the residue was chromatographed on silica gel with hexane-benzene (7 : 3) and then subjected to preparative HPLC followed by crystallization from acetone to give 15 (2 mg) and 17 (1 mg Pteron-14-en-7a a-ol (1), Fern-9(11)-en-3a a-ol (2), Fern-7-en-3a a-ol (3), Adian-5(10)-en-3a a-ol (4), Adian-5-en-3a a-ol (5), Fern-9(11)-en-28-ol (6) and Hydroxyhopane (22) Fraction F was chromatographed over silica gel with hexane-benzene (4 : 6) and then each of the fractions was subjected to preparative HPLC followed by crystallization to give 1-6 and 22. 1: (1.1 mg). IR n max KBr cm Vol. 47, No. 4 
